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SUMMARY

An investigationwas made to detezmine the influence of the wtig
and fuselage on the vertical-tail contribution to the low-speed rolling

derivatives of midwing airplane models with 45° sweptback surfaces.

The results show that the vertical-tail contribution to the rolling
derivatives of midwing or near-midwing configurations can be calculated
with good accuracy throughout the angle-of-attack range by using available
procedures when corrections have been made for the effects of fuselage “
and wing sidewash at the tail due to roll.

The mutual wing-fuselage interference increments of the wing-fuselage
configurations investigated showed no consistent effect of fuselage
length. The increments were usually rather small and did not vary appreci-
ably with angle of attack except that the increment in yawing moment due

to rolling became quite large at angles of attack above 160.

The contribution of the fuselage alone to the rolling derivatives
was small in comparison with the effects of angle of attack for the
other components of the models investigated.

! INTRODUCTION

Recent advances in the understanding of the principles of high-speed
flight have led to significant changes in the d~sign of the prihcipal
components of airplanes such as the incorporation of large amounts of
sweep of the wing and tail surfaces. Although the effects of changes in
wing design on the stability characteristics have been extensively investi-
gated, there is little information available on the influence of changes
in the other components of the a~me. In order to provide such infer- ,
mation, the Langley stability tunnel is conducting a series of investigations
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with a model having various interchangeable components. The effects on
the low-speed static lateral stability characteristics of variations in
horizontal-tail size and location, and of vertical-tail size and length

.

and of fuselage shape and length are presented in references 1 and 2,
respectively. The effects of variations in vertical-tail size and length
and of fuselage length on the yawing stability characteristics are pre-
sented in reference 3.

As part of this general investigation, the influence of the wing
and fuselage on the vertical-tail contribution to rolling derivatives
has been detemnined by the method of interference increments (refer-
ence 4), and the results are presented herein. These results are used
to check the validity of present methods of estimating the vertical-tail
contribution to the rolling derivatives as well as to derive an empirical
relation for estimating the fuselage sidewash due to roll.

The data presented hereti
ficients of forces and moments
of axes with the origin at the

SYMBOE3

are in the form of standard NACA coef-
which are referred to the stability s~tem
quarter-chord point of the wing mean aero-

%

Cn

dynamic chord. The positive directions of forces, moments, and angular
displacements are shown in figure 1. The coefficients and symbols are

(‘\

defined as follows:

()

●

CL lift coefficient ~
qsw

cJJ

()

Ddrag coefficient —
q%

Cy

()

Y
lateral-force coefficient —

q%
.

c~

(%J

Ltrolling-moment coefficient —
qs~

pitching-oment coefficient P&\

yawing-moment

wTFw/

()r?coefficient —
q+%

— — ——-— —L.. ..
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lift, pounds

drag, pounds

lateral force, pounti

rolling mom6nt, foot-pounds

pitching moment, foot-pounds

yawing moment, foot-pounds

dynamic pressure, pounds yer square foot ()&
\c j

free-stream velocity, feet per second

mass density of air, slu~ per cubic foot

aspect ratio
()
@
s

spfi, measured perpendicular to fuselage center line, feet

area, square feet

chord, measmd parallel to plane of symmetry, feet

root chord, feet

tip chord, feet

mean aerodynamic
p bw/2

?W=F
1W()

fuselage length,

chord, feet

(

for example,

Cw

)

2 dy

feet

tail length, distance frm mounting point to Ev/k, feet

maxfium thiclmess of”fuselage, feet

chordwise distance from leading edge of root chord to
quarter-chordpoint of ahy chord, feet

.--. -.— —-——.... .._ ___ ___ ..__________ ——— . . ______ . - ._ _, ._
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Zv

h

Ah=zv-h

()%v

chordwise distance from leading edge of ‘rootchord to
quarter-chord point of mean &ro&namic

(
J

bw/2
for example, ~ = A

‘%0 )
CwXw dy

spanwise distance meas&ed from the plane
feet

chord, feet

of symmetry,

4.

perpendicular distance from fuselage center line to cv/4, 1
feet 1

t
perpendicular distance from Ev/4 of vertical tail to axis I

of rotation, feet
{

taper ratio (Ct/Cr)

angle of sweepback of

angle of yaw, de~ees

quarter-chord

I

line, degrees

angle of attack, degrees

wing sidewash angle, component of angularity of flow at
the vertical tail resulting frcm interference effect of
the rolltig wing, positive for positive side force, radim

fuselage tiidewashangle, component of angularity of flow
at the vertical tail resulting from interference effect
of the rolling fuselage, positive for positive side force>
radians

rolling agular velocity, radiang per second

w-g-tip helix angle, radians

lift-curve

based on

slope of vertical tail (CL of vertical tail

vertical-tail area), degrees

— . —
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aol
rate of change of wing sidewash

~ with wing-tip helix angle-
%

sagle at vertical tail

ac2
rate of change of fuselage sidew-h angle at vertical tail

~ with wing-tip helix apgle

Subscripts and abbreviations:

v vertical tail; used with subscripts 1 to 5 to denote the
various vertical tails (see fig..2)

F fuselage; used with subscripts 1 to 3 *O denote the various
fuselages (see fig. 3)

APPARATUS AND TESTS

The tests of the present invesfigation were made in the 6-foot-
diameter rolling-flow test section of the Langley stability tunnel. This
section is equipped with a motor-driven rotor which imparts a twist to
the air stresm so that a model mounted rigidly in the tunnel is in a
field of flow similar to that which exists about an airplane in rolling
flight (reference 5). Forces and moments on the model were obtained with
the mode1 mounted on a single strut support which was in turn connected
to a conventional six-component balance systern.

8

All components of the model used in this investigation were con-
structed of mahogany. ,Sketchesof the components of the models are pre-
sented as figures 2, 3, and 4. The various vertical tails and fuselages
are referred to hereinafter by the symbol and number assigned to them in

r figures 2 and 3. All vertical tails bad 45° sweepback of the quarter-chord

----- . . . --- . —— .— - . ..— — ---— —-. ..— .



6 NACA TN 2587

line, taper ratio of 0.6, and NACA 65AO08 profiles in,planes paralle1 to
the fuselage center line. The ratios of tail area to wing area were *

chosen to cover a range representative of that used for current high-
speed airplane configurations. The tails were mounted so that the root
chord coincidedwith the fuselage center line and the tail length was

always a constant percent of the fuselage length
(:=00+ ‘e

three fuselages (fineness ratios of 5.00, 6.67, and 10.00), having
circular-arc profiles and circular cross sections, are shown in figure 3.
The coordinates of the fuselages are given in table I.

,

The wing had &n aspect ratio of 4..0,taper ratio of 0.6, sweepback

of 45° of the quarter-chord line, and NACA 65AO08 profiles paralle1 to
the plane of symmetry. The wing was mounted on the fusela~ so that the
quarter-chordpoint of the wing mean aerodynamic chord coincided with
the fuselage mounttig point (fig. 4). A summary of the geometric charac-
teristics of the various model parts is given in table II. A photograph
of one of the mode1 configurateions is presented as figure 5.

All the tests were made at a dynamic pressure of 39.7 pounds per
square foot, which corresponds to a Mach number of O.166 and a Reynolds

6nmnber of O.891 x 10 based on the wing mean aerodynamic chord. The
lift, drag, and pitching-moment characteristicswere obtained from tests

●

I

in straight flow for an angle-of-attack range from about -4° to 28° at

0° angle of yaw. The rolling derivatiws were obtained from tests in
..

rolling flow at values of pb/2V of ~. 188, *O.375, and *O.563.

CORRECTIONS

Appro~te corrections, based on unswept-wing theory, for the
effects of jet boundaries have been applied to the angle of attack, the
drag coefficient,and the rolling-moment coefficient. No corrections
have been applied for the effects of blocking or turbulence. Previous
investigationshave indicated that the effects of support-strut inter-
ference on the rolling derivatives are negligible and, therefore, no
tare corrections have keen applied to the data.

METHOIE OF ANALYSIS

In general, the results of the ~vest igation reported herein are
analyzed in terms of the influence of the fuselage and wing on the

--
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vertical-tail contribution to the rolling derivatives. The deriva-

tive
()c% T

has beerichose? for most of the analys~ since this deriva-

tive is’c&s idered to be the most tiportant with regard to the vertical-
tail contribution to the rolling derivatives.

In accordance with conventional procedures, the yawing moment due
to rolling for a complete airplane can be expressed as follows:

The first three terms me concerned with the contribution of the wing-
fuselage combination. The subscripts F and W refer to the contri-
bution of the isolated fuselsge and the isolated wing, respectively.
These contributions together with the increment AICnp give the contri-

bution of the wing-fuselage combination. The increme~t Al is the change

in the derivative caused by mutual interference of the wing and fuselage
without the tail and can be obtained from test results by the following
equation:

(2)

The last three terms of equation (1) are concerned with the vertical-
tail contribution to the derivative. The contribution of the vertical
tail when mounted on the fuselage can be determined analytically from
the followtig equation:

.

.

. .. . . . .. . . .... . .. . . ...— —--- -———-———————-— —— --- .- —— - --————- .- —..-.. . .. .
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In the present paper the derivatives with the subscript V indicate the
effectiveness of the isolated vertical tail ticreased by the end-plate . .
effect of the fuselage but without other wing and fuselage interference
effects.

The wing interferencewith the vertical tail, indicated as the
increment 4, is the change in effectiveness of the vertical tail caused

by addition of awing to the fusekge-tail configuration, and can be
detemined from test results by the following equation:

I

Q%p ‘

Tbe fuselage
ticrement A3, is

interferencewith the vertical
the change in effectiveness of

by the fuselage interference

.

tail, indicated as the
the vertical tail caused

and can be expressed as follows: “

, ‘3c~ = ~~)l?+V-, ~~lJ - (cnp)Isolated tail (5)

In the preceding expression for A3C%, since no direct measurements of

(%)the term C
Isolated tail were ma~e, this increment wh estimated

with what b believed to be sufficient accuracy by equation (3) with
\ estimated values of

()Ck v from figures 17 and 18 of reference 2.
.

Rather than adding the increments 4 and A3 directly to the

vertical-tail contribution determined analytically by equation (3) (as is
usuELllydone when stitable test results are available on a model similar
to the ahplane being considered) an attempt is made to estimate the
acl+al ver~ical-tail-contributionby applying corrections
expression itself. The corrections are in the form of an
change at CV-4 determined from the increments ~ and

,

c,

to the analytical
angle-of-attack
A3 . r

.

t..
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The 4“ increments of this investigation are converted into an

average effective aidewash angle at 5v/4 in tezmb of the wing-tip

helix angle by the following relation:

The A3 increments alao are converted tito an average effective
au2 ~

sidewash angle at Zv/k in temus of the wtig-tip helix angle —
a$

a manner analogous to the one ueed for determining the wing sidewash
Al.

angle ~.
. pb

wash

ures

d=

The values of
()c% v

used in obtaining

angles from the A2 and A3 incremen~s

17 and 18 of reference 2 and include the

the wing and fuselage side-

were ,obtainedfrom fig-

end-plate effeet of the
fuselage.

‘J?&equations of reference 6 for calculating the vertical-tail con-
tribution to
slope of the
fusela~ imd

()Cypv=

the rolling derivatives, in terms of estimated lift-curve
tail, are then modified to cogrect for the effects of both
wing sidewash and are as follows:

-—. ... ——- -—----- . .. -—.....—-..-— .. --— .—-— ———...— .-— .— ---- —. —-—------- --
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()c~Pv

(8)

The tail contribution calcuted by ustig eqwtiom (7), (8), and
(9)arec.mp~d wf~hthe=rperkntal taU contribution which wem
obtebed from t~ test ree~t8 ~ the ~oUwtig -er:

‘ff condition,

for the w~g.

,

@nP)v = @P)F+v - pnP)F

for the wing-on condition,

.

.

F’& = @Jw+F+v - p%).+,

.

- -—.
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RESUITS AND DISCUSSION

Presentation of Results

The hasic data obtained in this “investigationare presented in fig-’
ures 6 to 11. The longitudinal characteristics of the wing alone are
presented in figure 6. The rolltig characteristics of the various con-
figurations tivestigated are presented in figures 7 to 11. A summary of
the configurateions investigated and the figures that give data for these
configurations is given in table III. Most of the remaining figures
(figs. 12 to 21) were made up from the data of figures 6 to 11 and pre-
sent the data in a form more suitable for analysM.

Characteristics of Some Easic Configurations

Of all the baaic components of the models tested, the wing is the
only component for which longitudinalaerodynamic data are presented
(see fig. 6). The longitudinal aerodynamic characteristics of the wing
have already been discussed in reference 1 and are not discussed hereti.
Thti figure h presented since it is considered to be useful in analyztig
the data.

Ikfore entering into a discussion of the rolling derivatives, it
should be pointed out that the present investigation is concerned only
with the steady-state rolling derivatives and that, for the oscillatory
case, additional contributions may result because of ttie lag and unsteady-
lift effects.

A comparison of measured and calculated variation with angle of
attack of the rolling derivatives for the wing alone is presented in
fig’1.lly7. The methods of references 7 and 8 predict the variation with
angle of attack of C and Cz , respectively, quite well; however, .

%’P
meaaured and calculate~ (referen~e 7) values of C

%
axe in poor agree-,

ment, particularly at angles of attack above about ~“. The breaks in
the curves of the rolling derivatives are partly attributed to flow
separation from the wing. I? is expected that, for wings with highly
polished surfaces, an increase in Reynolds number would delay this flow
separation to scmewhat higher angles of attack.

~ pointed out in reference 7, an indication of the Muiti.ng range
over which flow does not separate from the wing can be obtained by

CL2
locating the initial break in the plot of CD - ~ against angle of

.

. .-—. ..--.. —. ..— —-—.—.——.—-—— —-.————— —.——— -- —... ..-- —— --- --. —.-—
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the wing alone in figure 12 shows

4° ~gle “ofattack. Inspection .

of figures 8 to 11 for wtig-on configurations shows break in the curves
of the rolling derivatives at approximately the same angle of attack.

A compsrtion of wing-off and wing-on data of figures 8 to 11 shows
a decrease in the vertical-tail contribution to the rolling derivatives
when the wing is added to the fuselage-tail configuration. This change’
can be attributed to sidewash in the region of the vertical tail caused
by symmetrical span loadtig on the wing due to roll (reference 6).

With the exception of vertical tail V5, the vertical-tail contri-

bution to CZp was ~ather small compared to the wing contribution

because of the short distance from the center
tail to the axis of roll.

Cy
P

are
for

The fuselage alone genera~y contributes
and C

%
throughout the angle-of-attack

small, h&ever, in comparison with
the other components of the models

Interference

of pressure of the vertical

a positive increment to
range. These increments

the effects of angle of attack
‘tivestigated.

Effects -,

In accordance with’conventional procedures, the influence of the
wing and fuselage on the vertical-tail contribu~ion to the rollin~ deriva-
tiw–s has ken ~etermined by the method of interference increment;.
Before going into a discussion of the various interference increments,
it should be pointed out that interfen?nce increments usually are assumed
to apply to airplane configurationswhich are scnmwhat similar in design
to the model used in evaluating the increments. One of the factors which
affects the magnitude of the interference “incrementsis the height of the
wing relative to the fuselage center line (reference 9). Since, for the
present investigation, the wing was located on the fuselage center line,
interference increments caused by the wing-fuselage combination are con-
sidered applicable only to midwing or near-midwing configurations. The
titerference increments caused by the fuselage are expected to be ltiited
to similar fuselage-tail configurations with respect to fuselage shape
and tail location.

Wing-fuselage interfe~nce.- The interference increments of the wing-
fuselage combination, Al increments, are presented in figure 13 with

an average curve faired through-the test points of the three wing-fuselage ,
combinations tivesti~ted. The Al increments of C and C

% %=e
rather small and do-not vary appreciab~with angle of attack except that ~

___ .
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‘lcnp bec’omesquite large at angles of attack above 160. ~terfe~nce

of the wing-f%selage combinations ap~ars to have the greatest effect

on CZ for wgles of attack above about 8° and tends to decrease the
P

dsmping-in-roll of the combination: There was no consistent effect of .
fuselage length for the range of fuselage sizes tivestQated.

Fuselage interference on tail, wing-off.- Reference 6 has implied
that fuselage sidewash at the vertical tail may influence considerably
the tail contribution to the rolling derivatives at high angles @f attack.
The increments due to fuselage interference on the tfil, A3 increments,

are believed to be mainly sidewash effects resulting from vortices associ-
ated with lateral forces which develop on the fuselage due to roll. The

A3C% increment occmring at a = 0° for some of the fuselage-tail
/

configurations
(
difference between me=ured and calculated values of

()c% v )
shown in fig. 17 was subtracted from the data since the sym-

metrical fuselages tested are assumed to contribute.nosidewash due to

roll at 0° angle’of attack. The A3C% increments were then converted
r

into average effective sidewash angles at ~lk in terns of the wing-

tip helix angle as mentioned previously. These results are used to
derive an empirical relation for estimating the fuselage sidewash angles.

In determining this empirical relation, considemtion is given to
some of the factors which might be expected to influence considerably
the fuselage sidewash angles such as fuselage size, /distance from Ev 4

to the axis of roll, and the angle of attack of the fuselage. These

factors have

z~ -
(
Zv Cos

been combined in the parametei

a-
)

Zvsina. The values of

@ which equ=
b

dq
— obtained for all the

h$

fuselage-tail configurations investigated are plotted against the param- 1

eter & in figure 14 and a fitted curve is faired through the test

points which can be expressed by the following equation:

(lo)

. . _ . —.-...-.. — ------- -.--. — . .. ..— .—. —..— --. . . . . -.. —.. ...—. —----- ---
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%2
In using equation (10) to estimate — for a model having a wing span

a$

other than that of the present model (b = 3 ft), it should be pointed out
that equation (10) must be multiplied by the ratio of the present wing
span to the wing span of the model in question since the constant 9.30
was obtained from a model having b = 3 feet.

The squared term-in equation (10) can be explained on the basIs of
results.given in reference 10 which show that for a low-aspct -ratio
wing (A < 1) the lift generated is a function of the angle of attack
squared. Therefore, if the fuselage is treated as a low-aspect-ratio
wing, the fuselage sidewash due to roll might be expected to vary as

Ah
the square of the parameter ~ since the angle of attack of the fuse-

Alllage due to roll is a function of —.
b

A discussion of some of the factms affecting the agreement between
mea&ured values of fuselage sidewash and those calculated by equation (10)
is given for the data plotted against angle of attack (fig. 15). Inspec-
tion of figure 15 shows that,calculated values are generally in good

agreement with measured values for mgles of attack up to about 160 for
all the fuselage-tail configurateions investigatedwith the exception of
configurateions F2 + V3 and F3 + V2. Increasing the fuselage length

results in an appreciable increase in the fuselage sidewash angles at
high.angles of attack which is predicted quite well by equation (10)

since ~ for a given angle of attack is ‘a function of tail length.

The breaks in the measured sidewash curves at high angles of attack are
partly attributed to decreased lift effectiveness of the vertical tail.
Reference 2 has indicated that the vertical-tail lift effectiveness may
be decreased as much as 20 percent as the-angle of attack is increased

from 0° to 17° and that this reduction usually increases rapidly at
higher angles of attack. These effects tend to incrdase with increasing
tail length and decreasing tail span.

The tendency for equation (10) to merest imate the fuselage side-
waah angles at high angles of attack for the aspect-ratio-2 tails is
attributed to the fact that equation (10) does not predict the decrease
in fuselage sidewash that might be expected with an increase in distance
from 5V14 to the fuselage axis. An explanation of why equation (10)

tends to underesthate the fuselage sidewash for angles of attack greater

than about 160 but less than the angle of attack where the breaks occur
in the sidewash curves for the aapect-ratio-l tails is not @own. This

.

.
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indicates that factors other than thos~ considered in equation (10)
should be taken into consideration if better agreement is desired. How-
ever, in view of the generally good agreement obtained between measured

and calculated values of
()c% v

(figs. 17 and 18) When corrections

have been made for the effec~’of fuselage sidewash, equation (10) is
considered to give satisfactory results.

Wing titerference on tail.- Reference 6 has shown that it is neces-
sary to correct for wing sidewg.shat the tail in order that good estimates
of the vertical-tail contribution to the rolling derivatives & obtatied

even at 0° angle of attack and used actual flow surveys in the vicinity
of the tail as a basis for determining this correc-tion. Reference 6
also pointed out that for midwing or near-midwing configurations,where
the wing-fuselage interferencemight he expected to be small, sa indicated
in reference 9, the & increments at low and moderate angles of attack

can be largely attributed to sidewash at the vertical tail caused by
unsymmetri~al-span loading on the wing due to roll.

@-2c~ increments of the present investigationwere

effective sidewash angles at /TV k of the vertical

wing-tip helix angle.

A comparison of measured values

from reference 11 is shown in figure
tail V2 tested in combination with

.
Ml

ence 11 predicts the value of —
~ pb

E

16.-With the
fuselage Fl,

Therefore, the-
converted into average

tail in terms of the

theoreticalvalues

:xception of vertical
the theory of refer-

at 0° angle of attack with fair

accuracy, but generally does not predict the variation with angle of
attack. A positive explanation for the large differences between measured

aq
and theoretical values of — at a=OO for configuration F1 + V2

\ pb

ti not known. However, some differences might be expected stice the
theory is for the wing-alone case and adding a fuselage would probably
have an appreciable effect on the span loading of the wing. A comparison
of measured and theoretical values of wing sidewaah shows good “agreement
for the wing-alone case (reference 11). The interference of the wing-

fuselage combination might also have some effect even at 0° angle of
attack.

.

\ . . . . . .-. —.—-. .—.—. .—. -. ——. . — ...— -—- — . . ..——— — . . ..- —----.- —... . -
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. aul
The failure of the theory to predict the variation of — with

pb
a ~

angle of attack up to the angle of attack where the breaks occur in the
sidewash curves is attributed to wing-fuselage interference and flow
separation from the wing which increases with increasing angle of attack.
The decrease in wing sidewash for angles of attack following the breaks
in the sidewash curves is partly attributed to the decreased lift effec-
tiveness of the vertical tail mentioned previously and to the fact that the
wing is partially stalled at the higher angles of attack so that the theory
is not expected to be valid (reference 11).

From the foregoing

appears that neglecthg

of attack and using the

gested in reference 11,

discussion and the data shown

the theoretical variation of

in figure 16, it
aul
~ with angle
.

aq
value of — at 0° angle of attack, as sug-

, pb
d—
2V

will generally give the best results for esti-
mating the wing sidew~h angles throughout the angle-of-attack range. .

Tail Contributions

A

.

.

aol
Values of — .d * which will approxhate the wing and

pb . pb
dg ~~

fuselage sidewash angles having been detemnined,
how well the tail contributions can be estimated
h equations (7), (8), and (9) (’estimatedvalues

)ence 2 . Calculations of

‘()aul ‘— =O and the values
a pb
—

\2v I
values in figure 17. The

() were made for
C%’v

it remains to be seen
by using these values
of

()c% v
from refer-

the wing-off condition

obtained are compared with measured wing-off

values calculated by neglecting fuselage side-
wash effects are also shown for comparison. From this figure, it can be
seen that accounting for the fuselage sidewash effects generally gives
results which are in good agreement with measured results through the
angle-of-attack range, and the agreement h considerably better than
when the fuselage sidewash is neglected. The two methods give the same

I

——.. —

\

_—.
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values at 0° angle of attack, of course, because it is assumed

(
aa2

fuselage sidewash is zero ~ = \O at 0° angle of attack.

17

that

w’] ‘
(%)Calculations of C were made for the

v
these values are compared with measured wing-on

The calculations were made by using theoretical

wing-on condition and

values in figure 18.

au~ ~m
values of —

h%

I ()
au2 ~ me

reference 11 but neglecting fuselage sidewash effects —=0
~ pb

,,

()

z
calculated and measured values of are generally in good a@ee-

Cnpv
ment at 0° angle of attack but, as waa ‘expected,show considerable error
at moderate and high angles of attack since the fuselage sidewash effects
were neglected.

Calculations taking into account both fuselage and wing sidewash
effects were made and are compared in the same figure. The good agree-
ment obtained at moderate and high angles of attack indicates that the

aa2
empirical equation for estimating ~ (which was determined from wing-

ag .

off data) applies to both wing-off and wkg-on configurations.

A comparison of the wing-off and wing-on data of figures 17 and 18
at 0° angle of attack gives an indication of the magnitude by which wing
sidewash changes

Q

Cnp V“ For example, adding the wing to F2 + V2

decreased the measure value of
()

by m increment of 0.022. The
c~v ,

theoretical correction for wing sidewash results in a decrease in
()
%p v

by an increment of 0.018 or about 82 percent of the meaaured decrease.

Since the effects of fuselage and wing sidewash on the vertica -
tail contribution to the rolling ?ierivativeshss been confined to

()c% v’
it remains to & seen “howwell

()
Cy and

()
c~ . can be estimated

pv ‘ pv
by wing the fuselage and wing sidewash correctio”m. A comparison of
measured and calculated values of

PP)V’ (C%JJ’ ad (CZP)V ‘or ‘he

I .. . .. .. . . .. .. . . .. --——-—--- .---——— —.— ———-- — _._—. — —.-.—— —. —---- . .
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three fuselages investigated when tested in combination with vertical
tail V2 in figure 19 generally shows good agreement throughout the .

angle-of-attack range. It is of interest to note that although the correc-
tions for fuselage and wing sidewash were determined from C

(%}
, they can

be used to calculate
()
Cyp v and

()
Clp v with approximately equal accuracy.

The validity of the method used herein for estimating the vertical-
tail contribution to the rolling derivatives is checked by comparing
calculated values of the derivativeswith measured values taken from
reference 12 (fig. 20) and from some tipublished data (fig. 21) for
other models. The data shown in figure 20 are for a midwing model having

45° swept}ack wing and tail surfaces, aapect ratio of 2.31, taper ratio
of 1.0, and a circular-arc fuselage of fineness ratio 8.34. The data
shown in figure 21 are for a near-midwing semitailless model having

41.570 sweptback wing and tail surfaces, wing aspect ratio of 3.60, tail
aspect ratio of 2.54, and a fuselage of fineness ratio 5.05. Calculated

and measured values of the rolling derivatives for the 45° sweptback
midwing model are in good agreement as expected since this model and the
model used to determtie the fuselage sidewaah correction are similar in
design, differing mainly in wing aspect ratio and taper ratio (fig. 20).
Calculated and measured values of the rolling derivatives for the near-
midwing semitailless model are also in good agreement as shown in .

figure 21.

From the foregoing discussion and the data shown in figures 20 and
21, it appears that the method used herein fdr estimating the vertical-
tail contribution to the rolling derivatives can be expected to give
good results for airplane configurations similar to the models investigated.

CONCLUSKJNS

The results of an investigation to detemnine the influence of the
wing and fuselage on the verti6al-tail contribution to the rolling deriva-
tives of midwing airplane models with 45° sweptback surfaces have led to
thefollowing conclusions:

1. The vertical-tail contributiorito the
midwing or near-mldwing configurations gan be
accuracy throughout the angle-of-attack range
dures when corrections have been made for the
wing sidewaah at the tail”due to roll.

.

rolltig derivatives of
calculated with good
by using available proce-
effects of fuselage and

,..

..
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.

2. The mutual wing-fuselage interference ticrements of the wing-
1- fuselage configurations tivestigated showed no consistent effect of

fuselage length. The increments were uEually rather small and did not
vary appreciably with angle of attack except that the increment in
yawing moment due to rolling became quite large at angles of attack

above 16°.

3. The contribution Of the fuselage alone to
tives wsa small in comparison with the effects of
the other components of the models investigated.

the rolling deriva-
angle of attack “for

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Iangley Field, Va., Septemler 14, 1951
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TABLE I.- FUSEL&E coCIRD~

r>

r==- z

d/1 for -
8/1

Fuselage 1 Fuselage 2 ‘ Fuselage 3

0 0 0 0
.025 .010 .007 .005
.050 .020 .Olk .010
.075 .029 .021. .014
.100 .037 .027 .018
.X25 .045 .033 .022
.l% .052 .039 .026
.200 .065 .048 .032
.250 .076 ● 057 .038
● 30 .085 .063 .042
● 35 .091 .068 .046
.40 .096 .072 .048
● 45 .099 .074 ,049
●m .100 ● 075 ●050
● 55 .099 ●074 .049
.60 .096 .072 .048
.65 .091 .068 .046
,70 .085 .063 .042
● 75 .076 .057 .038
.&) .065 .048 .032 ‘
.85 .052 .039 .026

.9 .037 .027 .018

.95 .020 .014 .010
1.00 0 0 0

—._ ._ ._.. -.., . . —
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TABLE II.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing:
Aspect ratio, ~....... . . . . . . . . . . . ...=.

Taper ratio, AW . ...”... . . . . . . . . . . .. . . . . .

Quarter-chord sweep angle, ~, “deg. . . .,. . . . . . . . . .
Dihedral angle, deg..... . . . . . . . . . . . . . . . .
!lwist,de g . . . . . . . . . . . . . . . . . . . . . . . . .
NACA airfoil section . . . . . ... . .. . . . . . . ... . .
Area, SW, si ft....... . . . . . . . . . . . . . . . .

span, ~, ft . . . . . . . . . . . . . . . . . . . . . . . . .

Mean chord, Zwj ft..... . . . . . . . . . . . . . . . . .

. 4.0

. 0.6 ,

. . 45

. . 0

kioo;‘
. 2.25
. 3.00
0.756

Fuselage: F1 F2 F3

Length, ft,. . . . . . . . . . . . . . . . ....2.50 3.34 ‘ 5.00
Fineness ratio . . . . . . . . . . . . . . . . . 5.00 6.67 10.00
Tail length, ZV, ft (all tails) . . . . . . . . l.~ 1.39 2.09

.
Tail-length ratio, ZV/~, (all tails) . . . . 0.347 0.464 0.697

\

r Vertical tail: V1

Aspect ratio, Av . . . . . . 1.0

Taper ratio . . . . . . . ...o.6
Quarter-chord sweep angle,
Av,deg. . . . . . . . . . .45

NACA airfoil section . . 65AO08
Area, ~, sqft . . . . . . 0.169

s~j~jft .. . . . . .o.408

Mean chord - ‘ . . . . 0.417
‘%’fi

Perpendicular distance from
fuselage center line to
Cv\4 of vertical tail, zv,

ft . . . . . .. . . . . . 0.ig2

.

. .. . . —-... ...— —..—— -

v~

1.0
0.6

45

65AO08
0.338
0.583
0.592

V3

100
0.6

45

65AO08
0.506
0.710
0.725

Vk

2.0

0.6

45

65AO08
0.338
0.82+
0.416

V5
2.0

0.6

45

65AO08
0.675
1.159
o.5j’2

0.267 0.325 0.375 0.532

=s=

.— . ..- -— ._. .,———.- —.. -.-—. -—. .— -.. . .
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.
.

TABLE III.- CONFIGURMI’IONSINVEXWIGATED

wingoff Wing on

Configuration

(a)

w

W+F1

W+ F1+V2

W+ F1+V4

W+F2

W+ F2+V1

W+ F2+V2

W+ F2+”V3

W+ F2+V4

W+ F2+V5

W+F3

W+ F3+V2

W+ F3+V4

Configuration Figure Figure
(a)

6, 7 I
[

------- -----

Fl

F1 + V2

F1 + V4

8(a) 8(b)

. .
F2

F2 + V1

F2 + V2

F2 + V3

\

g(b)9(a)

F2 + V4

F2 + V5
10(a) 10(b)

F3 .

F3 + V2

F3+V4

U(b)n(a)

%Wation (For details, see table II and figs. 2 to 4): ‘
w
F fuselage
v vertical tsil

.

,*

—. —...—- — ——. .-__—. —__— —— —,
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k--8.7 ~

(b)Vz.~z -1.0; y2.48+6 Sqh.

~6z-1
(~) V4. AV4=2.0;~4=48.6w h

%7
/

d
1
8.5

39
/

L J

1-~ 6.6

+10.7’-+
(C)Va.AV~-1.0;~~ -72.9Qh.

*52--I
I

+8.7---!

(e)v~ AV5 -2.0;~6-9-7.2E4Jn.

Figwce 2.- -MiOIW Of W?.’tiCd- tailS tested. A = 0.6; A = 45°; pro-
f m, 17ACA 65Ao08. All Umemlons are in inch9E.

, , .
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Figure 3.-Dimensions of fuselages tested; profile ordinates in table I.
dhensions are in inches.
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A~ = 45°

bw =36.00

\
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Figure 4.- Dtiensions and location

6.75+j

dimensions are
.

of wing and
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.,

.
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Figure ~.- View of model, configuration W + F2 + V2, mounted in the

6-foot-diameter rolling-flow test section of the ~ey stability
tunnel.
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Figure 6.-Static longitudinal stability characteristics of the wing.
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Angle of uttuck, C, deg

(b) Wing on.

Figure 8.- Concluded.

\ .. . . . . . . ____ .— ---- -— ———.-.... ..——. — - ___ __.. ____ . . .. . . . ———.—. -.. .— .. ..—



.4

.2
CY

P
o

-.2

./

c“ o

P

NACA TN.

I J-
(.> ‘ -+3+-i

I I I 1 1 1

~

———

0.075
./50
225

_ A I
v

I

258’7

-4 0

Figure 9.-Variation with

4 8 12 16 20” 24 28 32 .

Angle of uftack, C, tfeg

(&) wingoff.

ang+e

.,

of attack of C!y
P’ % ) and Czp for

fuselage F2 . Av = 1.0.

. . —.



mm m 2587 . 35

.6

.4

CY “2
P

o

-.2

.

. . .

Sv

./

c“ o

. P

i“ 71

0

-./

.5P
-.2. .

-.3

-.4

I

1

w

-40” 481216.20 242832

Angle of attack, E, deg

. (i) w&g “on.
..,,’

,-
Figure 9“.- Concluded.
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.4
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CY o
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-.4
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./
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P
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5P o

-./
-4 0 4 8 !2 16 20 24 28 32

Angle of utfuck, ~, o’eg

(a) Wing off.

Fi@me 10.- Variation with angle of attack of ~p, ~p, and Czp for

fuselage F2. Av = 2.0.

— ——. ———— —-. . --————.—— ..— —. .



NACA TN 2587 37

.6
,,

.4

.2
CY

P
o

.

,

.2

./
C’n

P
o

o

:/

%P
-.2

-.4

t

. .

I
R$wl
\

I I I

lAB I

/ / I I I Y.Y I I I 1 I 1
0

,..

-4 0 4 8 12 16 20 24 28 32

Ang/e of utfuck, C, o’eg “

(b) W~g on.

Figure 10.- Concluded.

.

.. . . . .—---- ...- -- . ..—-.-—. --.-—— —...—- —. —-. .. --—-. .-- —.- ---— ---- .—---



38 NACATN 2587

.4

.2

CY

p ‘0

72

Av

og ----

q+~lo

05tv42.o

Cn o

P

, , , , , 1) , , ,

.

.

1
./

●

5P 0

-./
,-4 0 4 8 12 16 20 . 24 28 32

A~gle of affuck,. (X, a’eg”

(a) Wing off.

Figure 1.1.- Variation with angle of attack of ~p, Cnp,
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